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[57] ABSTRACT 

Electrodes (18) are positioned in intimate contact with 
an outer surface of a thin electrically-insulating protect- 
ing layer (16) of architectural reflective glass (20). Ap- 
plication of a voltage of sufficient magnitude substan- 
tially destroys the insulating layer (16) located beneath 
the electrodes (18). A subsequent application of voltage 
results in a passage of current through the underlying 
thin, light-reflective metal or metal oxide layer (14) and 
in concomitant output of heat. 

12 Claims, 9 Drawing Figures 
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outer, transparent protective layer of architectural re- 
GLASS HEATING PANELS AND METHOD FOR flective glass is usually silica or other transparent insu- 
PREPARING THE SAME FROM lating material. 

ARCHITECTURAL REFLECTIVE GLASS The light reflective metal or metal oxide layer of 
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BACKGROUND OF THE INVENTION 

1. Origin of the Invention 

The invention described herein was made in the per- 
formance of work under a NASA Contract and is sub- 
ject to the provisions of Section 305 of the National 10 
Aeronautics and Space Act of 1958 , Public Law 85-568 
(72 STAT 435 ; 43 USC 2457 ). 

2 . Field of the Invention 

The present invention relates to glass-supported resis- 
tive heating elements. More particularly, the present 15 
invention relates to glass-supported resistive heating 
elements which are prepared from commercially avail- 
able relatively inexpensive architectural reflective glass. 

3. Brief Description of the Prior Art 

Glass-supported heating elements are known in the 20 

prior art. Perhaps the best known examples of the glass- 
supported heating elements of the prior art are “anti- 
fog” automobile rear windows and the like. 

Typically, the glass-supported heating elements of 
the prior art such as the “anti-fog” automobile windows 25 
comprise a plate or panel of glass which bears on one 
major surface thereof a plurality of substantially parallel 
disposed conductive metal wires or deposited metal 
strips. Application of current to the wires or strips re- 
sults, in accordance with well-understood laws of phys- 30 
ics, in an output of heat which warms the glass plate, 
panel or window. In some glass-supported heating pan- 
els of the prior art, the conductive wires or strips are 
sandwiched between two plates of glass, rather than 
being merely mounted to one surface of the glass plate. 35 

A principal disadvantage of the prior art glass-sup- 
ported heating panels is their relatively high cost. In 
addition, the common prior art glass-supported heating 
panels having exposed conductive wires or metal strips 
on their outer surface are necessarily limited to applica- 40 
tions where the exposed wires do not create an undue 
electrical shock or fire hazard. Due to the above-noted 
and other disadvantages, the use of electrically -heatable 
windows in buildings and vehicles, at least up to the 
present, has not gained wide acceptance. Similarly, the 45 
relatively high cost and other disadvantages of transpar- 
ent, glass-supported heating panels have, up to the pres- 
ent, prevented their widespread use even in specialized 
applications such as in laboratory instruments and de- 
vices, food heating trays, aquariums, and the like. 50 

On the other hand, architectural reflective glass hav- 
ing a thin light-reflective layer on one side thereof, has 
gained increasing commercial use and acceptance dur- 
ing the last few years. The principal, hitherto, utilized 
advantage of architectural reflective glass is its ability to 55 
enclose working or living space in an aesthetically 
pleasing and relatively energy-efficient manner. The 
cost of architectural reflective glass is, on a square foot 
by square foot basis, only a fraction of the cost of prior 
art glass-supported heating panels. 60 

Typically, the light-reflective layer of architectural 
reflective glass comprises a thin coating of metal or 
metal oxide which is deposited on one side of a glass 
panel. The metal, or metal oxide layer is covered by 
another thin, substantially-transparent layer which pro- 65 
tects the light reflective metal or metal oxide layer. 
Many metals and metal oxides such as tin, nickel and 
lithium oxides are used as the light-reflective layer. The 


architectural reflective glass usually has low electrical 
resistance, and the outer protective layer usually has 
good electrically-insulating characteristics. Neverthe- 
less, the prior art has not, up to the present, adapted or 
modified architectural reflective glass for applications 
as heating panels, electrically heatable windows or the 
like. A reason for this may lie in the fact that, in order 
to utilize architectural reflective glass as a heating 
panel, it is necessary to expose a portion of the conduc- 
tive metal or metal oxide layer to electrodes where- 
through voltage may be applied. However, in accor- 
dance with prior art methods, it is exceedingly difficult 
to selectively remove the insulating silica or like layer 
from architectural reflective glass, without also ad- 
versely affecting the underlying metal or metal oxide 
layer. For example, it is practically impossible to chemi- 
cally etch-off selected areas of the outer protective 
layer of architectural reflective glass without simulta- 
neously also etching off the underlying metal or metal 
oxide layer. 

Accordingly, the present invention is directed to 
transparent heating panels which comprise architec- 
tural reflective glass, and a practical method of produc- 
ing such heating panels from commercially available 
reflective glass. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
low cost glass-supported electrical heating panel. 

It is another object of the present invention to pro- 
vide a low cost transparent electrical heating panel 
wherein the electrically heated area is readily prese- 
lected in substantially any desired configuration. 

It is still another object of the present invention to 
provide a process for producing a transparent glass-sup- 
ported electrical heating panel at a low cost. 

These and other objects and advantages are attained 
by an electrical heating panel having a plate or panel of 
glass substantially covered at least on one major surface 
thereof by a thin light-reflective and electrically-con- 
ductive metal or metal oxide layer. The metal or metal 
oxide layer is covered by a thin layer which is electri- 
cally insulating except in two distinct areas wherein 
further electrically-conductive layers are supported by 
the glass plate and are in electrical contact with the 
metal or metal oxide layer. The electrically-conductive 
layers in the two distinct areas comprise electrodes 
wherethrough a voltage may be applied causing the 
metal or metal oxide layer to act as a resistive heating 
element. 

The above-noted heating panel is readily produced 
from relatively inexpensive readily available architec- 
tural reflective glass which has a thin light-reflective 
electrically-conductive metal or metal oxide layer di- 
rectly in contact with the glass surface and a thin elec- 
trically-insulating layer which covers and protects the 
light-reflective layer. In order to convert a panel of 
architectural reflective glass into the above-noted heat- 
ing panel, a first and a second electrode are applied to 
the glass panel in distinct areas and in intimate contact 
with the electrically-insulating protective layer. There- 
after, a gradually increasing voltage or a voltage having 
or exceeding a predetermined threshold value is applied 
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to the electrodes causing the electrically-insulating 
layer to break down beneath the electrodes and to bring 
the electrodes into electrical contact with the underly- 
ing electrically-conductive layer. Subsequent applica- 
tion of voltage to the electrodes results in passage of 
current through the electrically-conductive layer and in 
output of heat. 

The features of the present invention can be best 
understood, together with further objects and advan- 
tages, by reference to the following description, taken 
in connection with the accompanying drawings 
wherein like numerals indicate like parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic plan view showing a glass panel 
having a pair of electrodes attached to one major sur- 
face of the panel, and a source of gradually increasable 
voltage connected to the electrodes; 

FIG. 2 is a cross-sectional view of the glass panel 
shown in FIG. 1, the cross section being taken on lines 
2,2 of FIG. 1, respective thicknesses of an electrically- 
conductive layer and an insulating layer on the top 
surface of the glass panel being exaggerated for illustra- 
tion; 

FIG. 3 is a cross-sectional view of another embodi- 
ment of a glass heating panel of the present invention, 
the view showing electrode structures wrapped around 
opposite edges of the panel, respective thicknesses of an 
electrically conductive layer and an insulating layer on 
the top surface of a glass panel being exaggerated for 
illustration; 

FIG. 4 is a schematic top view of a heating panel of 
the present invention, the view showing a direct current 
voltage being applied to electrodes disposed on oppo- 
site edges of the heating panel, and 

FIG. 5 is a schematic perspective view showing an 
automobile rear window which is adapted to function as 
a heating panel in accordance with the present inven- 
tion; 

FIG. 6 is a schematic top view of a third preferred 
embodiment of the heating panel of the present inven- 
tion; 

FIG. 7 is a schematic top view of an alternate em- 
bodiment where non-uniform heating is provided by 
non-uniform spacing of the non-conducting areas of the 
heating panel of the present invention; 

FIG. 8 is a cross-sectional view of the heating panel 
shown on FIG. 7, and 

FIG. 9 is a schematic perspective view showing a 
process of the present invention whereby a non-electri- 
cally conductive strip is formed in a desired configura- 
tion in the heating panel of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following specification, taken in conjunction 
with the drawings, sets forth the preferred embodi- 
ments of the present invention in such a manner that any 
person skilled in the electrical arts and in the arts relat- 
ing to the manufacture of reflective glass, can use the 
invention. The embodiments of the invention disclosed 
herein are the best modes contemplated by the inven- 
tors for carrying out their invention in a commercial 
environment although it should be understood that 
various modifications can be accomplished within the 
parameters of the present invention. 

Referring now to the drawing Figures, and princi- 
pally to FIGS. 1 and 2, the principles of the novel pro- 
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cess of the present invention for producing an electrical 
resistive heating panel 10 from certain types of commer- 
cially-available relatively inexpensive glass panels, are 
illustrated. 

Thus, it has been found in accordance with the pres- 
ent invention that application of a voltage of sufficient 
magnitude upon a glass panel 12 which has a thin metal 
or metal oxide coating 14 and a thin insulating coating 
16 over the metal or metal oxide coating 14 results in 
substantial break down of the insulating layer 16 in the 
areas wherein the voltage is applied. As a consequence, 
subsequent application of a voltage causes a current to 
flow through the conductive metal or metal oxide layer 
14. The current flowing through the metal or metal 
oxide layer 14 results in an output of heat, the amount of 
which is a function of the applied voltage and of the 
resistance of the conductive layer 14. 

More specifically, it has been found in accordance 
with the present invention, that architectural reflective 
glass is readily converted into electrical resistive heat- 
ing panels in accordance with the above-noted princi- 
ples. As it was noted in the introductory section of the 
present application for patent, architectural reflective 
glass is readily available in panels of widely varying 
sizes. Architectural reflective glass comprises a rela- 
tively high quality, smooth surface glass plate or panel 
12 which has a thin metal or metal oxide coating 14 on 
its one surface. The purpose of the thin metal or metal 
oxide layer 14 is to render the glass reflective to light to 
a predetermined extent. Nevertheless, the metal layer 
14 of architectural reflective glass is always sufficiently 
thin so as to allow the glass plate 12 covered by the 
light-reflective layer 14 to be transparent. Manufactur- 
ers usually adjust the thickness of the metal or metal 
oxide layer 14 so that the resulting panel has a 10 to 40 
percent transparency to visible light. Accordingly, the 
thickness of the metal or metal oxide layer in architec- 
tural reflective glass is approximately of the 10~ 4 to 
10 -6 inch magnitude. In accordance with standard 
practice in the reflective glass manufacturing arts, many 
metals and metal oxides such as tin oxide, nickel oxide 
and lithium oxide may be employed as the thin light- 
reflective layer. 

In order to protect the light-reflective metal or metal 
oxide layer 14 from exposure to the atmosphere and to 
protect it from mechanical stresses such as abrasion and 
scratching, the manufacturers of architectural reflective 
glass deposit a thin relatively hard insulating layer 16 on 
top of the light-reflective layer 14. The protective layer 
16 usually comprises silicates or like material and usu- 
ally has a thickness comparable to that of the metal or 
metal oxide layer 14. 

The light-reflective layer 14, being of a metal or cer- 
tain metal oxides composition, is a good conductor of 
electricity, and the protective layer 16 is a good electri- 
cal insulator. Because the above-noted characteristics of 
the layers 14 and 16 are of great importance for the 
purpose of the present invention, the light-reflective 
layer is hereinafter referred to as the conductive layer 
14, and the protective layer is hereinafter referred to as 
the insulating layer 16. 

Several manufacturers of glass, manufacture architec- 
tural reflective glass having the above-noted character- 
istics. The present invention may be practiced with such 
glass. Architectural reflective glass plates marketed as 
VARI-TRAN glass by the Libbey-Owens-Ford Com- 
pany are particularly suitable for use in the present 
invention. 
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In order to convert architectural reflective glass into Thus, it was found in accordance with the present 
ihe novel heating panels 10 in accordance with the invention, that the initially measured resistance between 

present invention, electrodes 18 are attached to an ar- the electrodes 18 is very large. For example, when a 

chitectural reflective glass plate 20 in two distinct areas 4x4 inch square of Libbey-Owens-Ford SILVER 


22 and 24 of the plate 20. In the ensuing description the 
term architectural glass plate 20 denotes a glass plate 
together with the above-described conductive layer 14 
and insulating layer 16. The term architectural glass 
plate 20 used in the above-noted sense, is to be distin- 
guished from the term glass plate or panel 12. The latter 
term denotes only the glass which lies under and physi- 
cally supports the conductive and insulating layers 14 
and 16. 

The electrodes 18 which are applied to the architec- 
tural reflective glass plates 20 must be in intimate 
contact with the top surface of the insulating layer 16. 
The electrodes 18 may be brought into intimate contact 
with the insulating layer 16 in several ways. A typical 
method of accomplishing this result in accordance with 
the present invention is to spread an uncured or semi- 
cured electrically-eonductive resin in the distinct areas 
22 and 24 on the top surface of the insulating layer 16 of 
an architectural reflective glass panel 20, and to allow 
the resin to cure into a hard layer. Alternative methods 
for affixing the electrodes 18 to the architectural reflec- 
tive glass plate 20 include evaporation, sputtering, or 
chemical deposition of metal layers in the distinct areas 
22 and 24. 

Resins suitable for the purpose of deposition as elec- 
trodes 18 are well known in the art, and usually com- 
prise an epoxy resin having thoroughly dispersed small 
metal particles. The metal particles are usually silver 
particles, and the conductive uncured or semi-cured 
resin is commonly known as “silver paint.” 

After curing, the hardened conducting layers of plas- 
tic (silver paint) comprise the electrodes 18 which are 
shown on FIGS. 1 through 5. These electrodes 18, are, 
by their very nature, in intimate contact with the insu- 
lating layer 16 of the architectural reflective glass plate 
20 . 

Although this is not a necessary requirement of the 
present invention, the electrodes 18 are usually placed 
substantially adjacent to opposite edges 26 of the archi- 
tectural reflective glass plates 20. Furthermore, the 
electrodes 18 are usually deposited along the entire 
length of the opposite edges 26 of the architectural 
reflective glass panels 20, although, again, this is not a 
necessary requirement of the present invention. 

Referring now to FIG. 1 of the appended drawings 
and Table I, application of a voltage to the electrodes 18 
for the purpose of substantially destroying or “shorting 
out” the insulating layer 16 disposed in the distinct areas 
22 and 24 below the electrodes 18, is described in detail. 


5 VARI-TRAN (1-10B) architectural glass plate having 
thin silver paint electrodes placed on two of its opposite 
edges, substantially as shown in FIG. 1, was used, the 
initial resistance measured by an AC resistance meter 
was approximately 12,000 ohms. This result, of course, 
10 is not surprising in view of the fact that the electrodes 
18 are initially separated from the underlying conduc- 
tive layer 14 by the insulating layer 16. However, when 
a gradually increasing voltage is applied to the elec- 
trodes 18 and the resistance between the electrodes 18 is 
15 intermittently measured, the resistance is found to be 
decreasing until a threshold voltage is reached where 
slight sparking is observed between the electrodes 18 
and the underlying conductive layer 14. At this stage of 
the process, further gradual increase of the applied 
20 voltage, at least up to a certain limit, does not affect the 
measured resistance between the electrodes 18. Table I 
indicates the results of an actual experiment wherein the 
above-noted 4x4 inch square of Libbey-Owens-Ford 
VARI-TRAN architectural reflective glass plate 20 
25 was used, and wherein the incrementally increased volt- 
age was each time applied for one (1) minute before the 
resistance was measured. 

It is seen in Table I, that in the above-noted example, 
the threshold voltage is between 40 and 50 volts; more 
30 particularly, sparking was first observed when the ap- 
plied voltage was approximately 40 volts. After the 
minimum resistance of 100 ohms was reached, further 
increase of the voltage to 50 volts did not affect the 
resistance between the electrodes 18. T,O130 
35 The above experiment, and other experiments show 
that application of a sufficiently high voltage to the 
electrodes 18 substantially destroys or shorts out the 
insulating layer 16 which is disposed in the distinct areas 
22 and 24 immediately below the electrode strips 18. In 
40 fact, it was found in accordance with the present inven- 
tion that destruction or shorting out of the insulating 
layer 16 below the electrodes 18 is substantially instan- 
taneous once the threshold voltage is reached. 

The actual value of the threshold voltage which is 
45 necessary for the “shorting out” to occur, depends on 
several factors such as the precise nature of the archi- 
tectural reflective glass panel 20 used, and, more partic- 
ularly, the thickness of the insulating layer 16. The 
value of the resistance obtained after the insulating layer 
50 16 is destroyed below the electrodes 18 depends on the 
nature and thickness of the conductive layer 14, and on 
the size of the panel 12. However, this resistance, here- 
inafter referred to as the residual resistance, was found 


FIG. 1 schematically shows a source 27 of variable in accordance with the present invention to be very 


alternating current (AC) or direct current (DC) voltage 
which may be applied to the electrodes 18, and an ohm- 
meter 28 which may be used to measure the electrical 
resistance between the electrodes 18. In this regard it is 
noted that the voltage applied in the herein described 
step of the novel process of the present invention is 
preferably an AC voltage, simply because AC voltage 
may be readily varied by utilizing a variable trans- 
former (not specifically shown). Therefore, in the ensu- 
ing description of the actual embodiments of the present 
invention, the specifically noted voltage values refer to 
AC voltages, although, it should be kept in mind that 
the present invention may also be practiced with a DC 
voltage source. 


55 well suited for utilizing the resulting panels as heating 
panels 10. 

Experiments also showed that the shorted-out insulat- 
ing layer 10 has virtually no resistance or at least much 
less than the resistance of the conductive layer 14. 

60 It should be understood, that in order to prepare 
heating panels 10 in accordance with the present inven- 
tion, it is not necessary to gradually increase the voltage 
as described in the above-noted specific example. Once 
the threshold voltage for any particular make and size 
65 of architectural reflective glass plate is established, it is 
possible to merely apply the threshold or a slightly 
higher voltage to the electrodes 18 for a few seconds 
thereby converting the architectural reflective glass 
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panel 20 into the heating panel 10 of the present inven- 
tion. 

It is further noted that a wide variety of shapes of the 
heating panels 10 may be prepared in accordance with 
the present invention. It is possible, for example, to 
deposit electrode strips 18 at two remote positions of an 
architecturally reflective glass panel 20 without depos- 
iting the electrode strips on the edges 26 of the panel 20. 
In such a case substantially only that portion of the 
architectural reflective glass panel 20 is heated by subse- 
quent application of electrical power, which is disposed 
between the electrode strips 18. The ease of applying 
the electrodes 18 by deposition of a conductive poly- 
mer, metal evaporation, sputtering, or chemical deposi- 
tion in substantially any desired configuration to a panel 
of architectural reflective glass of substantially any 
desired shape, renders possible the manufacture of heat- 
ing panels 10 of a great variety of shapes or configura- 
tion. For example, substantially only an elongated nar- 
row strip portion of a relatively large window (not 
shown) may be heated in accordance with the present 
invention. 

The perspective view of FIG. 5 schematically illus- 
trates a somewhat curved heating panel 10, in the con- 
figuration of a rear window 30 of an automobile (not 
shown). The electrically heatable window 30 can be 
prepared in accordance with the present invention from 
an architectural reflective glass panel of identical shape 
at a significantly lesser cost than the prior art electri- 
cally heatable rear windows of automobiles. 

Referring now to the cross-sectional view of FIG. 3, 
another preferred embodiment of the heating panel 10 
of the present invention is disclosed. This preferred 
embodiment differs from the hereinbefore disclosed 
embodiments only in the manner in which the electrode 
strips 18 are attached to the architectural reflective 
glass panel 20. Thus, the uncured or semi-cured conduc- 
tive epoxy resin is deposited in strips 32 adjacent to 
opposite edges 26 of the panel 20, on the surface of the 
panel 20 wherein the insulating layer 16 is on the oppo- 
site edges 26, and in strips 32 on the second major sur- 
face 33 of the panel 20, as is shown on FIG. 3. After the 
conductive epoxy resin has cured, suitable wires 34 are 
positioned to be in contact with the cured conductive 
resin electrodes 18, and an uncured or semi-cured resin 
is deposited to cover the electrodes 18 and to eventually 
form an insulating cover 36 for the electrodes 18. 

The novel heating panels 10 of the present invention 
are stable and operational for prolonged periods of time 
at applied voltages sufficient to achieve heating of the 
panels 10 up to temperatures reaching or exceeding 100 ° 
C. The panels 10 provide rapid heating and do not un- 
dergo significant degradation unless excessively high 
voltages are applied for heating. Approximately 100 
volts AC appear to be the upper experimentally deter- 
mined limit of voltage which may be maintained for 
heat production on the heating panels comprising the 
above-noted Libbey-Owens-Ford VARI-TRAN glass 
(4x4 inch squares). A sustained application of voltage 
above 100 volts AC to the above-specified heating pan- 
els appears to cause gradual degradation of the conduc- 
tive layer 14 immediately adjacent to the electrode 
strips 18. Because the conductive layer 14 is also the 
light reflecting layer of the architectural reflective glass 
panel 20, and because the conductive layer 14 also de- 
creases the overall transparency of the glass panel 20, 
increased transparency observed adjacent to the elec- 


trodes 18 indicates degradation of the conductive layer 

14. 

The heating panels 10 of the present invention can be 
powered by direct current also, as is schematically illus- 
5 trated on FIG. 4. 

Various utilitarian applications of the hereinabove 
described heating panels 10 are possible. For example, 
the relatively inexpensive heating panels 10 of the pres- 
ent invention may be used as electrically-heatable and 
10 light-reflecting windows of vehicles (not shown) and 
buildings (not shown), may serve as food warming trays 
(not shown), or containers (not shown), or in aquariums 
(not shown). The transparent glass heating panels 10 of 
the present invention may also find use in specialized 
15 laboratory equipment, for example in containers (not 
shown) used for studying crystallization processes 
wherein heatable and transparent glass would permit 
ready observation of salt systems undergoing controlled 
temperature changes. The heating panels 10 of the pres- 
20 ent invention advantageously have a totally electrically- 
insulated surface. Nevertheless, where prolonged oper- 
ation submerged in water or electrolytes is desired, the 
heating panels 10 of the present invention should be 
protected by additional insulation such as a thick pro- 
25 tective outer layer (not shown) or another panel of glass 
(not shown). Experience indicates that after prolonged 
operation of the heating panel 10 of the present inven- 
tion with the conductive side submerged in water, the 
resistance of the panel 10 gradually increases and even- 
30 tually the heating panel 10 becomes nonoperational. 

Referring now to FIG. 9, a process is disclosed 
whereby non-electrically conductive strips or areas 38 
may be formed on the heating panels 10 of the present 
invention. More specifically, it was found in accordance 
35 with the present invention that if a movable pointed 
grounded electrode 40 is brought into contact with the 
insulating layer 16 of the heating panel 10 and simulta- 
neously a sufficiently high voltage is applied, the insu- 
lating layer 16 and the electrically conductive and light 
40 reflective metal or metal oxide layer 14 are substantially 
instantaneously destroyed beneath the pointed elec- 
trode 40. The voltage sufficient to destroy the electri- 
cally conductive layer 14 is nevertheless substantially 
less than the excessive voltage which during prolonged 
45 application destroys the conductive layer 14 beneath 
and adjacent to the electrodes 18. For example, with 
reference to the specific architectural reflective glass 
panel 20 disclosed in connection with Table I, 80 volts 
AC is sufficient to cause substantially instantaneous 
50 destruction or burning-out of the conductive layer 14 
beneath the pointed electrode 40. 

It should already be apparent from the above descrip- 
tion and from an inspection of FIG. 9, that the non-con- 
ductive strip 38 may be formed or “scribed” on the 
55 heating panels 10 in any desired configuration. After 
removal of the pointed electrode 40, application of 
voltage causes a flow of current in the heating panels 10 
wherein the non-conductive strips 38 act as insulation 
or barriers to the flow of current. Thus, in net effect, 
60 various heating patterns may be created on the surface 
of architectural reflective glass in accordance with the 
just-described aspect of the present invention. FIGS. 6, 
7 and 8 show such heating panels 10 having non-con- 
ductive areas or strips 38. 

65 Since destruction of the conductive layer 14 also 
increases the transparency of the architectural reflec- 
tive glass plate 20, the heating panels 10 shown in FIGS. 
6-9 also have interesting visual decorative effects. The 
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formation of these non-conductive strips or areas 38 has 
several advantages. The configurations, such as shown 
in FIG. 6, permit operation at higher voltages than are 
possible in a panel of the same shape without non-con- 
ductive strips as shown in FIG. 4 . In addition the non- 5 
conductive areas or strips 38 can be arranged so that the 
current density has different values at different loca- 
tions on the panel, thereby providing non-uniform heat- 
ing of the panel in any desired configuration, as illus- 
trated in FIG. 7. 10 

The principal advantages of the above described 
heating panels 10 of the present invention are their low 
cost, ease of preparation, and versatility regarding 
shape, configuration and application. Several further 
modifications of the above-described invention may 15 
become readily apparent to those skilled in the art in 
light of the above disclosure. Therefore, the scope of 
the present invention should be interpreted solely from 
the following claims. 

What is claimed is: 20 

1. A substantially transparent heating element com- 
prising: 

a glass object having a thin light-reflecting electrical- 
ly-conductive layer disposably affixed to, and sub- 
stantially covering, one major surface of said glass 25 
object; 

a thin insulating layer permanently affixed to and 
disposed over said electrically-conductive light- 
reflective surface layer and substantially covering 
all area of said major surface including first and 30 
second distinct areas; 

a first and a second electrically-conductive layer 
permanently affixed, and disposed over the light- 
reflecting layer in said first and a second distinct 
areas, the first and second electrically-conductive 35 
layers comprising electrodes adapted for connec- 
tion to a power source; and 

means for applying a voltage of sufficient magnitude 
for substantially destroying the thin insulating 
layer in the first and second distinct areas and com- 40 
pleting an electrical circuit which includes the 
electrodes and said electrically-conductive layer. 

2. The heating element of claim 1 wherein the first 
and second electrically-conductive layers, respectively, 
comprise layers of cured polymer film incorporating 45 
metal particles. 

3. The heating element of claim 1 wherein the light- 
reflective layer covering one major surface of the glass 
object is a metal or metal oxide. 

4 . The heating element of claim 1 wherein the glass 50 
object is a substantially flat glass panel having two 
major flat surfaces, one of said surfaces having the light- 
reflective layer. 

5 . The heating element of claim 4 wherein the glass 
panel is substantially rectangular and the first and sec- 55 
ond distinct areas respectively comprise strips located 
substantially adjacent to opposite edges of the panel. 

6. A substantially transparent heating element com- 
prising: 

a glass panel which is substantially a commercial 60 
grade architectural light-reflective glass panel hav- 
ing a thin light-reflective electrically conductive 
metal or metal oxide layer disposably affixed on 
one major surface thereof, said glass panel also 
having a first and a second distinct area on the 65 
major surface, and a thin electrically-insulating 
layer disposably affixed over the light-reflective 
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layer substantially on the whole major surface ex- 
cept over the first and second distinct areas, and 

a first electrically-conductive layer disposably affixed 
over the first distinct area, and a second electrical- 
ly-conductive layer disposed over the second dis- 
tinct area, the first and second electrically-conduc- 
tive layers comprising electrodes and being 
adapted for connection to a power source, the thin 
electrically-insulating layer having been destroyed 
in the first and second distinct areas by application 
of a voltage of sufficient magnitude to the elec- 
trodes, whereby the electrodes are in electrical 
contact with the light-reflective electrically-con- 
ductive layer and whereby application of voltage 
to the electrodes results in passage of current 
through the light-reflective electrically-conductive 
layer and in production of heat due to the resis- 
tance of the light-reflective electrically-conductive 
layer. 

7. The heating element of claim 6 wherein the first 
and second electrically-conductive layers comprising 
the electrodes are strips of electrically-conductive ma- 
terial disposed on the substantially opposite edges of the 
glass panel. 

8. The heating element of claim 6 wherein the resis- 
tance of the light-reflective electrically-conductive 
layer is approximately 100 to 200 Ohms. 

9. The heating element of claim 6 wherein the voltage 
of sufficient magnitude to destroy the thin insulating 
layer in the first and second distinct areas is approxi- 
mately 30 to 50 volts. 

10. The heating element of claim 6 wherein the first 
and second electrically-conductive layers disposed, 
respectively, over the first and second distinct areas 
comprise electrically-conductive polymeric material 
which was applied to the respective first and second 
distinct areas in an at least partially uncured state and 
was subsequently allowed to cure. 

11. The heating element of claim 6 wherein the glass 
panel is substantially rectangular, and the first and sec- 
ond electrically-conductive layers disposed, respec- 
tively, over the first and second distinct areas comprise 
strips of electrically-conductive material disposed over 
two opposite edges of the rectangular panel. 

12. A heatable pane of reflective transparent glass 
having a major planar area covered by a transparent 
light-reflecting layer of material which in turn is cov- 
ered by a transparent protective coating layer, said 
heatable glass pane comprising: 

electrically-conductive transparent material forming 
the transparent light-reflecting layer, said material 
being disposed over and affixed to the major planar 
area of said transparent glass pane; 

electrically-insulating material forming said protec- 
tive coating layer and being transparently disposed 
over and affixed to said light-reflecting layer; 

a pair of electrically-conductive electrodes affixed in 
electrical contact with the protective coating layer 
and positioned at locations which do not block a 
major transparency area of the glass pane; and 

means applying to said electrodes a voltage of in- 
creasing magnitude sufficient for breaking down 
the insulative property of said protective coating 
layer and forming an electrically-conductive heat- 
ing current path through the electrically conduc- 
tive layer of the glass pane. 

***** 



